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I. INTRODUCTION
Events containing two high-p T , prompt, like-sign leptons are rarely produced in the standard model (SM), but occur with an enhanced rate in several models of new physics. For example, supersymmetry [1] , universal extra dimensions [2] , left-right symmetric models [3] [4] [5] [6] , Higgs triplet models [7] [8] [9] , the little Higgs model [10] , fourthfamily quarks [11] , and flavor-changing neutral currents resulting in the production of like-sign top quarks [12] [13] [14] [15] [16] [17] [18] [19] [20] could all give rise to final states with two leptons of the same electric charge. Most of these models would result in an excess of like-sign dimuons over the background with no distinct kinematic features. However, doubly charged Higgs bosons (H AEAE ), predicted by some of those models, would be observed as a narrow resonance in the dimuon mass spectrum.
In the analysis described in this article, events containing like-sign muon pairs are selected and their invariant mass distribution is compared to the SM prediction. Both muons are required to have transverse momentum p T > 20 GeV and pseudorapidity [21] jj < 2:5, and they must be isolated from other activity in the event. Upper limits on the cross section of non-SM physics in a fiducial region corresponding to the experimental requirements are derived as a function of the dimuon invariant mass. Results are presented inclusively for AE AE production and separately for þ þ and À À final states. The þ þ result is further used to constrain like-sign top-quark pair production. The data are also used to search for a narrow dimuon resonance with a width much smaller than the detector resolution of $3%. An example of a particle that may result in a narrow mass peak is a short-lived H AEAE boson, predicted by a number of the models for new physics mentioned above. Constraints on the H AEAE mass as a function of its branching ratio to two muons are presented.
The ATLAS Collaboration has previously reported an inclusive search for new physics in the like-sign dilepton final state in a data sample corresponding to an integrated luminosity of 34 pb À1 [22] . No significant deviation from SM expectations was observed, and fiducial cross-section limits as well as limits on several specific models of physics beyond the SM were derived. The CDF Collaboration has performed similar inclusive searches [23, 24] without observing any evidence for new physics. Like-sign top-quark pair production has previously been searched for by the CDF [25] and the CMS Collaborations [26] . The upper limit on the cross section set by the CMS Collaboration in pp collisions at ffiffi ffi s p ¼ 7 TeV is 17 pb.
is described in Sec. IV. The backgrounds are discussed in Sec. V, and Sec. VI summarizes the systematic uncertainties. The data are compared to the background estimate in Sec. VII. The interpretation of the data as a cross-section upper limit within the fiducial region, for four ranges of dimuon invariant mass, and its implication on like-sign top-quark pair production are reported in Secs. VIII and IX, respectively. The narrow resonance search and its interpretation in terms of H AEAE boson production is presented in Sec. X. Finally, Sec. XI summarizes the conclusions.
II. THE ATLAS DETECTOR
The ATLAS detector [30] consists of an inner tracking system, calorimeters, and a muon spectrometer. The inner detector, directly surrounding the interaction point, is composed of a silicon pixel detector, a silicon strip detector, and a transition radiation tracker, all embedded in a 2 T axial magnetic field. It covers the pseudorapidity range jj < 2:5 and is enclosed by a calorimeter system containing electromagnetic and hadronic sections. The calorimeter system is surrounded by a large muon spectrometer built with three air-core toroids. This spectrometer is equipped with precision chambers (composed of monitored drift tubes and cathode strip chambers) to provide precise position measurements in the bending plane in the range jj < 2:7. In addition, resistive plate chambers and thin gap chambers with a fast response time are used primarily to trigger muons in the rapidity ranges jj 1:05 and 1:05 < jj < 2:4, respectively. Momentum measurements in the muon spectrometer are based on track segments formed in at least two of the three precision chambers. The resistive plate chambers and thin gap chambers provide position measurements in the nonbending plane which is used to improve the pattern recognition and the track reconstruction.
The ATLAS detector has a three-level trigger system [31] which reduces the event rate to approximately 200 Hz before data transfer to mass storage. The Level-1 muon trigger searches for hit coincidences between different muon trigger detector layers inside programmed geometrical windows that define the muon transverse momentum and provide a rough estimate of its position. It selects muons in the rapidity range jj < 2:4. The Level-1 trigger is followed by a high-level, software-based trigger selection which is similar to that of the offline reconstruction.
III. DATA SAMPLE AND MONTE CARLO SIMULATION
This analysis is carried out using a data sample corresponding to an integrated luminosity of 1:6 fb À1 recorded between March and July of 2011 at a center-of-mass energy of 7 TeV. The data are selected using single-muon triggers with a p T threshold of 10 GeV at Level-1. At the high-level trigger, a muon with p T > 18 GeV is required. In this data set, the average number of interactions per beam crossing is about six.
Monte Carlo (MC) simulation is used to estimate some of the background contributions and to determine the selection efficiency and acceptance for possible new physics signals. The dominant SM processes that contribute to prompt likesign dimuon production are WZ, ZZ, W AE W AE , and t " tW. These are all estimated using MC simulation. For processes with a Z boson, the contribution from Ã is also simulated for mð''Þ > 20 GeV. WZ and ZZ events are generated using HERWIG [32] , and W AE W AE and t " tW production is generated with MADGRAPH [33] for the matrix element and PYTHIA [34] for the parton shower and fragmentation.
The normalization of the WZ and ZZ MC samples is based on cross sections determined at next-to-leadingorder (NLO) using MCFM [35] . The NLO cross sections times branching ratios for W AE Z ! ' AE ' AE ' Ç and ZZ ! ' AE ' Ç ' AE ' Ç , where ' AE is an electron, muon, or tau lepton, after requiring two charged leptons with the same electric charge and with p T > 20 GeV and jj < 2:5, are 347 fb and 54 fb, respectively. The K factors for WZ and ZZ production, defined as the ratios between the NLO and the leading order (LO) cross sections, depend on the kinematic requirements placed on the muons and the invariant mass of the like-sign muon pair. Therefore, K-factors that depend on this invariant mass are applied.
Opposite-sign dimuon events due to Drell-Yan, t " t, and W AE W Ç production constitute a background if the charge of one of the muons is misidentified. W AE W Ç production is generated using HERWIG. The Drell-Yan process is generated with ALPGEN [36] , whereas the t " t background is modeled using MC@NLO [37] .
In addition, a variety of new physics signals are simulated in order to study the efficiency and acceptance of the selection cuts.
Like-sign top-quark pair production can occur in models with flavor-changing neutral currents, e.g. via a t-channel exchange of a Z 0 boson with utZ 0 coupling. Since the lefthanded coupling is highly constrained by B 0 d À " B 0 d mixing [38] , only right-handed top quarks (t R ) are considered. Samples for this process are produced with the PROTOS [39] generator, using Z 0 mass values of 100, 150 and 200 GeV. An additional sample is generated, based on an effective four-fermion operator uu ! tt corresponding to Z 0 masses ) 1 TeV [18] . The parton shower and hadronization are performed with PYTHIA.
Pair production of doubly charged Higgs bosons (pp ! H AEAE H ÇÇ ) via a virtual Z= Ã exchange is generated using PYTHIA for H AEAE mass values between 100 and 400 GeV [40] .
Production of a right-handed W boson (W R ) decaying to a charged lepton and a Majorana neutrino (N R ) [41, 42] , and pair production of heavy down-type fourth generation quarks (d 4 ) decaying to tW are generated using PYTHIA.
Parton distribution functions taken from CTEQ6L1 [43] are used for the LO MC generators, while for the t " t MC@NLO sample CTEQ6.6 [44] parton distribution functions are used.
The detector response to the generated events is simulated with the ATLAS simulation framework [45] using GEANT4 [46] , and the events are reconstructed with the same software used to process the data. The simulated response is corrected for the small differences in efficiencies, momentum scales, and momentum resolutions between data and simulation.
IV. EVENT SELECTION
Events are selected with an inclusive single-muon trigger with a p T threshold of 18 GeV as described in Sec. III. They must further contain at least two muons of the same electric charge with p T > 20 GeV and jj < 2:5. The efficiency of the trigger selection for muon pairs in Z ! þ À events passing the event selection used here is 97%. Any combination of two muons is considered, allowing more than one muon pair per event to be included. The invariant mass of the two muons, mðÞ, is required to be larger than 15 GeV to exclude the low-mass hadronic resonances such as the J=c and Ç mesons. All events used in this analysis are required to have a primary vertex determined with at least five tracks with p T > 0:4 GeV. If more than one interaction vertex is found, the vertex with the highest P N i¼1 p 2 T;i , where N is the number of tracks associated to the vertex, is defined as the primary vertex.
Muons selected for this analysis are formed from tracks reconstructed in the inner detector combined with tracks reconstructed in the muon spectrometer [47] . The independent charge measurements from these two detectors are required to agree to reduce the charge mismeasurement rate. In addition, the transverse and longitudinal impact parameters with respect to the primary event vertex must be small, jd 0 j < 0:2 mm and jz 0 sinj < 5:0 mm, and the transverse impact parameter significance, jd 0 j=ðd 0 Þ, is required to be less than 3.0. The muon isolation (p cone40 T ) is defined as the scalar sum of the transverse momenta of all tracks with p T > 0:5 GeV within a cone around the muon axis of size ÁR ¼ ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi ffi
The above selection cuts are chosen to retain a high efficiency for prompt muons while rejecting a large fraction of nonprompt backgrounds. For muons from Z-boson decays, the efficiency of the impact parameter significance and the isolation cuts ranges from 87% to 97% depending on p T , while for muons from b-and c-hadron decays, the efficiency is about 3.5%. For muons arising from decays in Z ! events, the efficiency is about 60%.
V. BACKGROUND DETERMINATION
The SM backgrounds for like-sign dimuon final states can be divided into background from production of prompt like-sign dimuons, background caused by muons from hadronic decays (nonprompt muons), and background from processes with two prompt opposite-sign muons where the charge of one of the muons is mismeasured.
The dominant SM processes with two prompt leptons of the same electric charge in the final state are
Any other SM processes are found to be negligible. The contribution of these processes to the signal region is estimated from MC simulation using the samples described in Sec. III. In these simulated samples, only muons that originate from a lepton, a W boson, or a Z boson are considered prompt. Muons originating from any other sources are discarded in order to avoid doublecounting with the nonprompt muon background that is derived from data.
Background from nonprompt muons may originate from several different sources: semileptonic b-or c-hadron decays, muons from pion or kaon decays in flight, and misidentified muons from hadronic showers in the calorimeter which reach the muon spectrometer and are incorrectly matched to a reconstructed inner detector track [48] . The background from nonprompt muons is estimated from data using a matrix method [49] . This method requires knowledge of the probabilities for prompt and nonprompt muons to pass the isolation requirement. The probability for nonprompt muons to pass the isolation cut is determined using muons with jd 0 j=ðd 0 Þ > 5 in dimuon or single-muon samples. These are dominated by semileptonic b-and chadron decays. The probability is found to be 5% rather independently of p T and . A systematic uncertainty is derived from a complementary sample where jd 0 j=ðd 0 Þ < 3 is required. In this sample, prompt muons from W or Z decays are suppressed by requiring there to be exactly one muon in the event, the transverse mass [50] of the muon and the missing transverse energy [51] to be below 10 GeV, and at least one jet with p T > 20 GeV to be present. The resulting systematic uncertainty on the probability for nonprompt muons to pass the isolation cut varies between 30% and 100% depending on p T . The probability for prompt muons to pass the isolation cut as a function of p T and is derived from Z ! þ À MC events and is cross-checked with data.
Another source of background arises from opposite-sign muon pairs where the charge of one of the two muons is misidentified. This background source is negligible in the relevant mass range as estimated from simulation. The charge misidentification probability is also measured from Z ! events in data by exploiting the independent charge measurements provided by the inner detector and the muon spectrometer. It is found to be consistent with zero in the relevant p T range. Based on observing zero charge misidentified events in data, a 68% upper limit is placed on this probability as function of p T , which ranges up to 10% at p T ðÞ ¼ 400 GeV. This upper limit is applied as a function of p T ðÞ to opposite-sign prompt muon pairs in the Drell-Yan, W þ W À , and t " t MC samples to determine the systematic uncertainty on this background source.
The background estimate is cross-checked in a variety of samples complementary to the signal region. These include like-sign muon pairs where at least one muon fails the jd 0 j=ðd 0 Þ cut, like-sign muon pairs where both muons fail the isolation requirement used in the analysis but pass a looser isolation requirement, like-sign and opposite-sign muon pairs where both muons fail the isolation requirement used in the analysis but pass a looser isolation requirement and at least one muon fails the jd 0 j=ðd 0 Þ cut, and opposite-sign muon pairs where both muons pass the final analysis requirements. For all control regions, the data are found to agree with the background prediction within the systematic uncertainties, both in overall event yield and in the shape of the dimuon mass distribution.
VI. SYSTEMATIC UNCERTAINTIES
Uncertainties on the event selection efficiencies and the luminosity affect the predicted yield of signal events as well as those backgrounds that are estimated purely from MC simulation, i.e. WZ, ZZ, W AE W AE , and t " tW production. The uncertainty on the muon reconstruction efficiency is AE1% [52] . In addition, the efficiency of the requirements on impact parameter and isolation is observed to be 3% lower in data than in simulation at the lowest p T values while for p T > 30 GeV data and simulation agree typically within AE1%. The resulting uncertainty on the muon pair selection efficiency due to the muon identification efficiency is þ1:0 À1:8 %. The uncertainty on the muon trigger efficiency of <1% [52] results in an uncertainty on the selection efficiency of AE0:3%. The uncertainty in the muon momentum scale [53] results in an uncertainty on the dimuon pair selection efficiency of AE0:9% due to the migrations across the p T and mðÞ cut thresholds. In addition, the integrated luminosity measurement has an uncertainty of AE3:7% [54, 55] .
The uncertainty in the production cross sections of the SM processes affect the predicted yield of the prompt muon background. The WZ and ZZ cross-section uncertainties due to higher-order corrections are estimated to be AE10% by varying the renormalization and factorization scales by a factor of 2. For t " tW production, the higher-order corrections are estimated to be similar to those for t " tZ, which are calculated in Ref. [56] , and the cross section is taken to be a factor of 1:30 AE 0:65 higher than the LO cross section [57] . The full higher-order corrections for W AE W AE production have not yet been calculated. However, for parts of the process, the NLO QCD corrections have The data are compared to the stacked background estimates. The ratio between the data and the predicted background is also shown, where the shaded region is the total systematic uncertainty on the background prediction. been shown to be small [58] . Here, the LO cross section is used and an uncertainty of AE50% is assumed.
Uncertainties on the parton distribution functions affect both the acceptance and the normalization of the prompt muon backgrounds and the new physics models constrained in this paper. This uncertainty is evaluated using the eigenvectors provided by the MSTW2008lo68cl set [59] of parton distribution functions using the prescription given in Ref. [60] and adding in quadrature the difference between the central cross-section value obtained using this set and that obtained with the CTEQ6L1 [43] parton distribution functions. For the diboson background, the resulting uncertainty on the cross section is AE7%. The uncertainty on the acceptance due to this source is typically AE2%.
The uncertainty on the number of muon pairs from nonprompt muon backgrounds has systematic and statistical components which are added in quadrature to give the total uncertainty on this background source. The systematic component is derived from the uncertainty on the measurement of the fraction of nonprompt muons passing the isolation cuts which ranges from AE30% for mðÞ > 15 GeV to AE80% for mðÞ > 300 GeV (see Sec. V).
The statistical component arises from the limited number of nonisolated muons used in the matrix method: this is AE3% for mðÞ > 15 GeV and AE45% for mðÞ > 300 GeV. The background due to charge misidentification has an uncertainty of þ2:7 events for the full sample and þ0:6 events in the highest mass region.
Any statistical uncertainties due to limited size of the background and signal MC samples are also considered.
Systematic uncertainties on different processes from the same origin are assumed to be 100% correlated.
VII. COMPARISON OF THE DATA TO THE BACKGROUND EXPECTATION
The invariant mass distributions observed in the data are compared to the predicted background for AE AE , þ þ , and À À production in Fig. 1 . Table I summarizes the number of observed and expected muon pairs for AE AE , þ þ , and À À production for four cuts on the dimuon invariant mass. The data agree with the background within the systematic uncertainties and no excess is observed. The number of data events in high-mass bins is lower than the background expectation, but in all mass bins the probability that the background gives a fluctuation as low or lower than observed in the data is found to be greater than 5%. In all mass bins, prompt muons from diboson production are the dominant background but nonprompt muons also contribute significantly: about 40% at low mass and 10% at high mass.
VIII. UPPER LIMITS ON THE CROSS SECTION FOR PROMPT LIKE-SIGN DIMUON PRODUCTION
A 95% confidence level (C.L.) upper limit on the number of like-sign muon pairs due to anomalous production, N 95 ðÞ, is obtained using a Bayesian approach with a flat prior for the number of events from new physics, integrating over Gaussian priors for the systematic uncertainties [61, 62] . All systematic uncertainties discussed above are included, and correlations between their effects on signal and background processes are taken into account.
The upper limit on the number of anomalously produced muon pairs, N 95 ðÞ, ranges from 41 pairs for mðÞ > 15 GeV to 3.8 pairs for mðÞ > 300 GeV at 95% C.L. The limit on the number of muon pairs is translated to a 95% C.L. limit on the cross section measured in the phase space region defined by the fiducial cuts as fid 95 ðÞ ¼
where R Ldt is the integrated luminosity of 1:61 AE 0:06 fb À1 . The efficiency of the experimental cuts with respect to the fiducial region, " fid , depends on the model of new physics. The fiducial cuts used to define the efficiency are closely matched to those imposed at reconstruction level: both muons must have p T > 20 GeV, jj < 2:5, and be separated by ÁR > 0:4 from any jet or prompt muon or electron with p T > 20 GeV. A variety of models is considered for the determination of " fid , and the lowest efficiency value obtained among all the models is used. The models considered are like-sign top-quark pair production via an effective four-fermion coupling, Majorana neutrino (N R ) production from the decay of a W R boson, pair production of fourth generation quarks decaying via top quarks, and doubly charged Higgs boson production. A variety of mass values for those models is considered: 800 mðW R Þ 1500 GeV and 100 mðN R Þ 1300 GeV, 300 mðd 4 Þ 500 GeV, and 100 mðH AEAE Þ 300 GeV. The efficiency values obtained from any of these samples with respect to the fiducial cuts vary for different models and mass bins due primarily to the p T dependence of the isolation efficiency. Like-sign top-quark pair production results in the lowest fiducial efficiency of 43:9 þ1:9 À2:4 % for mð AE AE Þ > 300 GeV, while a model with W R boson of 800 GeV decaying to a 500 GeV Majorana neutrino gives the highest value of 72:5 þ1:6 À2:2 %. For pair production of 100 GeV H AEAE bosons, the fiducial efficiency is 69:8 þ1:5 À2:0 % for mð AE AE Þ > 15 GeV. The efficiency uncertainties include all sources discussed in Sec. VI. To derive the cross-section limits, the lowest efficiency value of 43:9 þ1:9 À2:4 % is used in all mass bins. The resulting limits are given in Table II for the four mass ranges and separately for AE AE , þ þ , and À À production.
IX. LIMITS ON LIKE-SIGN TOP-QUARK PAIR PRODUCTION
Like-sign top-quark pair production can occur if e.g. a flavor-changing Z 0 boson that couples to u and t quarks is exchanged in the t channel. The fiducial cross-section limits presented above are used to constrain this model.
In order to assess the impact on any physics model, the acceptance of the fiducial cuts with respect to the full phase space, A fid , needs to be determined. The cross-section limit for that model is then given by
For the model of like-sign top-quark production, only þ þ pairs are considered since the À À process contributes less than 3% at the LHC due to the much smaller " u-quark density compared to the u-quark density in the proton. The fiducial acceptance for the production of TABLE II. Expected and observed 95% C.L. upper limit on the cross section, fid 95 , for new physics in bins of dimuon mass for like-sign muon pairs with p T ðÞ > 20 GeV, jðÞj < 2:5, and ÁR > 0:4 between the muon and any jet, prompt electron or prompt muon with p T > 20 GeV.
Mass range [GeV]
fid right-handed like-sign top quarks, A fid ðt R t R Þ, is determined for each mass cut and for four Z 0 mass values. For mðZ 0 Þ ¼ 100 GeV (mðZ 0 Þ ) 1 TeV), A fid ranges from 0.69% (0.62%) for mð þ þ Þ > 15 GeV to 0.12% (0.29%) for mð þ þ Þ > 300 GeV. This acceptance is defined with respect to inclusive decays of the W bosons, so the small values are primarily caused by the low W ! branching ratio. The relative uncertainty on the acceptance is typically 2-3% and accounts for both the statistical uncertainty and the uncertainty due to the parton distribution functions as discussed in Sec. VI. The mass range that gives the best expected limits is mð þ þ Þ > 200 GeV for all mðZ 0 Þ. The results are listed in Table III for four Z 0 masses. The upper limits on the t R t R production cross section range from 2.2 to 3.7 pb depending on mðZ 0 Þ.
X. CONSTRAINTS ON DOUBLY CHARGED HIGGS BOSONS
The data are used to constrain the production of a narrow resonance decaying to two muons, using as reference model the production of H AEAE bosons. In Sec. X A the model considered for H AEAE production is described and the results are presented in Sec. X B.
A. H AEAE boson production
The production process of doubly charged Higgs bosons considered here is pair production via the exchange of a virtual Z= Ã [63] . Other production mechanisms may contribute in addition but they depend on other model parameters such as the masses of the neutral and singly charged Higgs bosons and are therefore not included. Only H AEAE bosons decaying to muons with coupling values between 10 À5 and 0.5 are considered to ensure a short lifetime (c < 10 m) and that the relative natural width, À=M, is less than 1%. Doubly charged Higgs bosons couple to Higgs and electroweak gauge bosons and either lefthanded or right-handed charged leptons, and are denoted H AEAE L or H AEAE R , respectively. While H AEAE L couple both to the Z boson and to photons, H AEAE R bosons only couple to photons, i.e. coupling to any hypothetical right-handed gauge bosons is neglected, resulting in a 2.5 times smaller pair-production cross section for the latter.
Next-to-leading-order calculations of the H AEAE pairproduction cross section via the Drell-Yan process are used [64] . Higher-order QCD corrections beyond the next-to-leading-order accuracy are expected to increase the cross section by about 5% but are neglected here. The uncertainty on the cross section is AE10% due to scale dependence in the NLO calculation, parton distribution function uncertainties, and neglected electroweak corrections [65] .
B. Constraints on H AEAE bosons
The data are used to derive an upper limit on H AEAE pair production via the Drell-Yan process. For this purpose, counting experiments are performed in steps of 10 (20) GeV for mðÞ < 200 GeV (mðÞ ! 200 GeV) in a mass window of size AE10% of the central mass, corresponding to about 3 times the experimental mass resolution.
The product of the acceptance and efficiency to detect a single H AEAE boson is evaluated based on simulated samples. It is 46% at mðH AEAE Þ ¼ 100 GeV and increases to 57% at 300 GeV. Uncertainties on the acceptance arise from the parton distribution functions, the interpolation between H AEAE mass values, and the limited MC statistics. Adding these three uncertainties in quadrature, an overall acceptance uncertainty of AE3:6% is obtained. The other systematic uncertainties are propagated as described in Sec. VI.
This analysis aims to constrain the pair production (pp ! H þþ H ÀÀ ) process. In the analysis, however, likesign muon pairs are counted, and two muon pairs per event can contribute. The cross section for pair production of H AEAE bosons, HH , is related to the number of reconstructed dimuon pairs, Nð AE AE Þ, by Observed 95% C.L. upper limit Expected 95% C.L. upper limit 1σ ± Expected limit 
where A Â is the acceptance times efficiency to detect a single AE AE pair with invariant mass within 10% of the considered H AEAE mass value. It was verified that for this process the efficiency for detecting a single AE AE pair is not affected by the presence of a second pair in the event.
The cross-section limits are obtained using the same procedure as described in Sec. VIII. The expected and observed upper limits at 95% C.L. on the cross section times the branching ratio, ðpp ! H þþ H ÀÀ Þ Â BRðH AEAE ! AE AE Þ, are shown in Fig. 2 . The observed upper limit is 11 fb at mðH AEAE Þ ¼ 100 GeV and 1.7 fb at mðH AEAE Þ ¼ 400 GeV. The median expected upper limits based on the background expectation together with the AE1 and AE2 uncertainty bands are also shown. The results derived from data are consistent with the expectation over the full mass range.
The cross-section limit is compared to the prediction for the pair-production cross section of H AEAE L and H AEAE R bosons, assuming a branching ratio for the dimuon decay of 100%. For this scenario, H AEAE L bosons are excluded for mðH AEAE L Þ < 355 GeV, while H AEAE R bosons are excluded for mðH AEAE R Þ < 251 GeV at 95% C.L. for the central value of the theoretical prediction. The corresponding expected limits are 337 GeV and 264 GeV, respectively. Using a 10% lower value for the theoretical prediction (corresponding to the 1 uncertainty on the cross section), the data exclude mðH AEAE L Þ < 348 GeV and mðH AEAE R Þ < 248 GeV. The observed and expected limits on the mass of doubly charged Higgs bosons are also determined as a function of the branching ratio to AE AE assuming the central value of the theoretical cross-section prediction. This is shown in Fig. 3 
XI. CONCLUSIONS
An inclusive search for production of pairs of prompt like-sign muons has been presented using a data set corresponding to an integrated luminosity of 1:6 fb À1 recorded with the ATLAS detector at the LHC. The data agree with the background expectation and no sign of new physics has been found. The data are used to place model-independent upper limits on the cross section of new physics processes giving rise to like-sign dimuons ranging from 5.3 fb for mð AE AE Þ > 300 GeV to 58 fb for mð AE AE Þ > 15 GeV. In addition, constraints are placed on like-sign top-quark and doubly charged Higgs boson production. The 95% C.L. limit on the like-sign top-quark production cross section of 3.7 pb is more than 4 times more restrictive than previous results. The lower mass limit on doubly charged Higgs bosons with a 100% (33%) branching ratio to muons is 355 (244) GeV and 251 (209) GeV for H AEAE bosons coupling to left-handed and right-handed fermions, respectively.
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